The present study is based on the observation that computer-simulated reality applied by virtual reality (VR) methods may offer a new means of treating male erectile disorders. The experimental design was based on the theory of psychological development, supported by multimedia acoustic experience and clinical tests. The method involved the use of virtual reality equipment and specially designed CD-ROM programmes. Excluding 15% drop-outs, the success rate was 82% for male erectile disorders due to psychological factors and 84%, excluding 17% drop-outs, for combined factor disorders. Psychotherapy with VR seems to hasten the healing process and reduce drop-outs, suggesting that this method opens or consolidates new or rarely used brain pathways, facilitating the¯ow of new mnemonic associations that promote the satisfaction of natural drives.
Introduction
Male sexual disorders, principally male erectile disorders and premature ejaculation together with lack of sexual desire caused by the increasing level of distress and interpersonal dif®culty in social life, is a source of serious dif®culty in relationships. In Italy, 11.6% of the male population between 18 and 70 y suffers from erectile dysfunction.
1, 2 In the USA, a projection based on a population of 1700 nonhospitalized males indicated that about 18 million Americans have erectile dysfunction. 3 In this paper we are principally concerned with the erectile dysfunction commonly referred to as impotence:`the inability to attain and/or maintain penile erection suf®cient for satisfactory sexual performance'. 4 In current medical practice the doctor often refers patients to a psychotherapist only after trying conventional therapy (intracavernous auto-injection, vacuum therapy, prosthesis implant, arterial revascularization and leakage correction). The international literature indicates that the drop-out rate for intracavernous injection is 40±50%. 5, 6 The many psychotherapy methods employed to deal with erectile dysfunction have not given satisfactory results so far. 7±9 The 60% success rate reported with Masters and Johnson's method 10 was questioned by O'Connor and Stern. 11 We therefore used a method employing virtual reality (VR) as a support to psychotherapy, with the aim of setting up a therapeutic project applying a method with technological content.
In previous unpublished experiments we found that interactive sound stimulation gave modest positive results. This prompted us to try the greater interactivity of full-immersion VR, ®rst of all on the basis of experience with commercially available interactive entertainment programmes, then developing our own speci®c VR programmes to see how the VR interaction enables the subject to act without feeling observed, and therefore provides parameters that cannot be detected in other ways. VR has recently been used in other ®elds of medicine with appreciable results in endoscopic training 12 and in the treatment of acrophobia, 13 but is completely new in the treatment of impotence.
The novelty of this treatment lies in the combination of psychotherapy (psychodynamic approach) with multimedia techniques that enable the patient to use data, texts, images and sound, not as a sequence of events in which he is a passive spectatorÐas if watching a videoÐbut which involve him interactively and`immersively' by means of a VR helmet that projects three-dimensional images. This enhances his role so he plays an active part.
We used VR to arouse the patient's basic attention mechanisms, so as to leave one image in the mind, overshadowing others, while at the same time activating the basic operative memory and his long-term memory.
Since in most cases it is impossible to identify a single cause of sexual dysfunction, 14±17 subjects in this study were divided into two groups for diagnostic work-up, psychogenic and mixed, excluding cases found, on multidisciplinary organic examination, to have organic pathologies severe enough to constitute the sole cause of the dysfunction.
Materials and methods
In order to establish the weight of the VR used in this method, we conducted a study of heterosexual patients, who had been impotent for at least six months; group I was treated only with psychotherapy and group II with full-immersion VR in addition to psychotherapy. Each group was then divided into two subgroups: group A, impotence due to psychological factors, group B, impotence due to combined factors (psychological and a general medical condition or substance use deemed contributory but not suf®cient on its own to account for the sexual dysfunction).
Patients were initially examined for urological and internal pathologies to exclude any cases with organic pathologies severe enough to constitute the sole cause of the erectile dysfunction. Medical history was concerned with medication taken, especially those that can affect sexual activity: cimetidine, spironolactone, clonidine, methyl dopa, beta blockers, thiazides, clo®brate, tricyclic and serotoninergic antidepressants, anti MAO, neuroleptics, barbiturates, tranquilizers and alcohol. Internal examination was concerned with discovering vascular (medical examination and Doppler blood ow measurements with 4 and 8 MHz bidirectional probes), endocrine (diabetes, thyroid disease), metabolic (cholesterol and triglycerides) and neurological disease (brain and spinal lesions, autonomic neuropathy, multiple sclerosis), renal failure and hypertension. The following were measured: glycemia, transaminases, gamma-globulin, total cholesterol, HDL cholesterol, triglycerides, serum levels of prolactin and thyroid stimulating hormone. Urine analysis was done. Urological examination was concerned with past and recent urinogenital pathology (phimosis, paraphimosis, varicocele) and bladder, testicle (torsion, mobility, cryptorchidism) and prostate surgery. General examination focussed on detecting urogenital pathology. A nocturnal Rigiscan was done for three nights according to the usual method. Only when all these investigations gave normal ®ndings was the impotence classi®ed as being due to psychological factors.
In group I we enrolled 20 patients for a 25 week course of psychotherapy alone (psychodynamic approach). They were heterogeneous in terms of age (20±65 y; mean 35 y), occupation (blue-and white-collar workers) and educational level. Ten of these patients (50%) complained of psychological impotence (subgroup A); in subgroup B ten patients (50%) had combined factors.
In group II we enrolled 50 patients for a 25 week course of treatment with full-immersion VR as well as psychotherapy. They ranged in age from 22±75 y (mean 45 y). Twenty of these patients (40%) complained of psychological impotence (subgroup A); in subgroup B thirty (60%) had combined factors.
Role of the psychotherapist
After internal and urological examination, the patient completed a self-administered sexual activity questionnaire and had a ®rst session for psychological and sexual evaluation to decode the symptoms. To distract the patient and avoid over-emphasizing psychological aspects, a test to measure CO in expired air was done. One week later a cycle of 12 one-hour sessions started, with the patients informed consent. The ®rst baseline session was multimedial, and the second was psychotherapy, after which four multimedia sessions were alternated with six VR experiences, followed by a ®nal discussion. The ®rst six sessions were weekly, the next three every two weeks and the last three every three weeks. The sessions were organized as follows: Session 1. Basic multimedia acoustic experience no.1 was administered. Accessories included a recorder with double patient-operator headphone and an electrocardiogram to record any signi®cant changes in heart rate or their absence, principally for the patient's reassurance. The patient listened to a recording of two voices on a musical background that described pathways through a forest, taking him back to his infancy, his childhood and teen years when he started to show interest in the opposite sex, evoking mental images and facts pertinent to the ontogenesis of male sexual identity. The patient's response, comments and body language were noted and his experience was discussed afterwards with the psychotherapist.
Session 2: Psychotherapy. Sessions 3±12. Different acoustic, multimedia and virtual experiences were alternated in these sessions, always followed by discussion. The patients underwent a 15 min VR experience using a PC Pentium 133, 16 Mb RAM, full-immersion stereophonic helmet and joystick, Vream software with four different expandable pathways through a forest (Figure 1) , similar to the ones described in the ®rst audio session, taking them back to their infancy, childhood and teen years when they started to get interested in the opposite sex.
By means of active, full-immersion participation, the patient heard, saw and moved along the VR pathway with no limits to his movements. Situations were presented with obstacles that the patient had to overcome. In this virtual world we included bits of ®lm (Figure 2) , not erotic but always related to the ontogenesis of male sexual identity, lasting about 30 s; these were activated by all patients in response to the same actions, and completed the immersive experience. The psychotherapist was connected with the patient through the headphones to overcome any technical dif®culties of interaction. The acoustic and VR experiences did not evoke situations that might directly stimulate a sexual reaction. Not until session 8, after the second VR experience, was information requested on the ef®cacy of the treatment; before this, we merely recorded any spontaneous comments offered by the patient. Any improvement in the principal pathology, but not vague sensations of well-being or improved general state, was regarded as a positive result. The return of adequate erection with completion of sexual activity was regarded as a positive result. A ®nal evaluation of the results was made in session 11. When the patient had a partner we held three more sessions of only psychotherapy with them to detect any psychopathology in the couple relationship, such as hostility and collusion. At the end of the cycle the partner was interviewed separately to obtain con®rmation of the results. 
Results

After 25 weeks of treatment, we obtained the following results:
Group IA, impotence due to psychological factors, treated with psychotherapy no result 4 cases improvement 1 case partial positive response resolution 3 cases complete positive response drop-outs 2 cases
The total partial and complete positive reponses, excluding drop-outs (20% before the seventh session) thus amounted to 50%. A partial positive result was de®ned as an increase in positive results, but still less than 66% (two times out of three).
Group IB, impotence due to combined factors (psychological and a general medical condition or substance use deemed contributory but not suf®cient on its own to account for the sexual dysfunction), treated with psychotherapy no result 5 cases improvement 0 cases partial positive response resolution 2 cases complete positive response drop-outs 3 cases
The total partial and complete positive responses, excluding drop-outs (30% before the seventh session) thus amounted to 29%.
Group IIA, impotence due to psychological factors, treayted with full-immersion VR as well as psychotherapy no result 3 cases improvement 3 cases partial positive reponse resolution 11 cases complete positive reponse drop-outs 3 cases
The total partial and complete positive responses, excluding drop-outs (15% before the seventh session) thus amounted to 82%. A partial positive result was de®ned as for group I.
Group IIB, impotence due to combined factors (psychological and a general medical condition or substance use deemed contributory but not sufficient on its own to account for the sexuals dysfunction), treated with full-immersion VR as well as psychotherapy no result 4 cases improvement 6 cases partial positive response resolution 15 cases compete positive response drop-outs 5 cases
The total partial and complete positive reponses, excluding 17% drop-outs, was therefore 84%. When contacted six months after the last session, patients bene®ting from the therapy reported lasting improvement. The 15 min VR experience did not cause undesirable physical reactions of any kind and in fact most patients reported a desire to prolong the full-immersion VR experience.
Discussion
The results in group II were highly encouraging but they certainly partly depend on the small patient sample and the fact that many patients dropped out. This group, with either psychogenic or combined disorders, treated by full-immersion multimedia therapy (VR) gave more positive responses than group I, treated only with psychotherapy. There were also fewer drop-outs. Preliminary comparison of the two groups suggests that, in group II, VR sessions in addition to psychotherapy broadens and accelerates the patient's response. Interactive VR appears to act, following a psychodynamic process, in the innermost recesses of the patient's mind, thus removing the obstacles that lead to sexual disorders.
We are currently in the process of studying a third group of impotent subjects, also receiving intracavernous injections of 10 mcg prostaglandin E 1 as a support aimed at reducing drop-outs. The present therapeutic strategy is interdisciplinary. Subjects with erectile disorders receive a multidisciplinary diagnostic work-up, then start a cycle of psychotherapy combined with the interactive possibilities of VR technology.
This study was intended as a therapeutic project using a repeatable protocol applicable to primary or secondary psychogenic or organic erectile dysfunction, since even in primarily organic dysfunctions the psychological component is always present, setting up a vicious circle of performance anxiety. Althof and Seftel 18 , an interactive model now exists: psychological and medical factors are conceptualized as interactively additive. Obviously the caselist excluded any patients with organic pathologies severe enough to constitute the sole cause of the dysfunction.
This sexual therapy incorporating psychodynamic psychotherapy conducted over a six-month period is a development of the original therapy for sexual disorders described by Masters and Johnson 19 including the new advanced theories of Singer Kaplan, 20 Stoller, 21 Money, 22 Schaffer and Emerson, 23 Ainsworth and Bowlby 24, 25 and Baldaro Verde.
26±29 This therapy sets out a new multifactorial concept of sexual identity, acquired in the ®rst years of life by a process of identi®cation with the parent of the same sex and complementation with the parent of the opposite sex. This identity only becomes an intrapsychic certainty at the end of what is often a tortuous and dif®cult process. Sexual identity must be regarded primarily as a fusion of biological, psychological and social components. It is a dynamic and evolving concept, not a static one. The evolving aspect lies in the temporal order in which identity of gender, social role and aim emerge. The dynamic aspect involves the possibility that one of the columns of sexual identity may be wounded or even destroyed (males must be able to perform sexual intercourse, so the columns for them are erection, penetration and ejaculation). In such cases therapy is required, or sexual identity must be rebuilt. Unlike the psychoanalytical approach, it requires sexological diagnosis, as the symptoms have to be decoded. The VR method enables the patient to quickly develop memories and emotions that are worked through with the psychotherapist at the end of the session. When psychotherapy is the sole therapy, it is a long process for the patient to enter the sphere of associations of sexual dysfunction.
The natural dif®dence towards the technological apparatus of VR (the helmet) and frequent uncertainty about full-immersion treatment based on ®lms, journalistic comment and books, were easily overcome in all cases by supplying full information, so that patients gave their consent willingly.
The pathways the patient follows in the virtual experience accelerate a psychodynamic process which eludes cognitive defences and directly stimulates the unconscious, hence also everything related to his experience in the sexual sphere. The obstacles that lead to sexual dysfunction are thus brought to light. As the patient becomes aware that the causes of his sexual dysfunction can be modi®ed, he acquires a further means of taking part in the healing process, under the therapist's guidance. On the basis of the neuropsychological work of Damasio, 30 we suggest that, by interacting with his own senses through VR, the patient generates inputs that act on phylogenetically lower brain centres through the neocortex, especially the prefrontal ventral median lobes and somatosensitive sectors, to modify certain associations. The probable result is disinhibition of the sex drive, in the Freudian sense.
31±36
Acute stress is known to cause ACTH production and stimulation of the adrenal cortex, whereas chronic stress increases beta-endorphins 37,38 which inhibit LH pulsatility, 39 probably through a neurochemical mediator. Prolactin also inhibits LH. We assume that beta-endorphin production, which is elevated due to the chronic stress of sexual dysfunction and for various other reasons, can be modi®ed through the neocortex, affecting prolactin and/or LH production by reduction of this and other neurotransmitters. This could restore the normal pulsatility of LH essential for satisfactory sexual activity.
The fact that the positive results of this therapy were lasting suggests that it opens and consolidates new brain pathways. This assumption is based on studies with the marine snail Aplysia californica 40±43 and implies that new and rarely used intersynaptic connections may be established so that new mnemonic associations favouring satisfaction of natural drives can¯ow.
